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Abstract 

Increasing fuel prices and emission norms have favoured the automobile man- 
ufactures to use of lightweight materials. Land fill regulations imposed by 
many environmental governing agencies encourage the use of products which 
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~ baie will decompose easily or which will require lesser energy for recycling. In this 
eee scenario an attempt has been made in this work to develop natural fiber hybrid 
ILSS: : composites with natural and synthetic fibers to address the issue of harm to the 


LVI: environment and energy spent on recycling. In this work the flexural, compres- 

damage assessment; sion, interlaminar shear stress and low velocity impact properties of natural 

eco-friendly composites; fiber hybrid composite reinforced with carbon +E-glass intra plies, unidirec- 

intra-interply hybrid com- : : : a4 : : ‘ 

posites tional sunn hemp mat interplies and nano silica particles are investigated for 
possible application in automobiles. It is found that the addition of nano silica 
particles enhances the flexural, compression, interlaminar shear strength and 
low velocity impact properties of the composite. 


1. Introduction harm to the environment and energy spent on recy- 
cling (Mohan and Kanny Reddy et al.). Several 
automobiles manufactures and their association are 
aiming to incorporate plant-based materials in their 


future vehicles. Developing natural fiber hybrid 


Increasing fuel prices and emission norms have 
favored the automobile manufactures the use of 
lightweight materials (Akampumuza et al. Zah et 


al.). Composites are lighter in weight and are widely 
used in automobile, aerospace industries (Santini 
et al. Ramu, Kumar, and Palanikumar). While 
composites offer many advantages, the recycling 
of outdated composite materials is a serious issue. 
Land fill regulations imposed by many environmen- 
tal governing agencies encourage the use of products 
which will decompose easily or which will require 
lesser energy for recycling (Das et al.). In this sce- 
nario an attempt has been made in this work to 
develop natural fiber hybrid composites with nat- 
ural and synthetic fibers to address the issue of 
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composite with reduced quantum of synthetic fibers 
will be of immense use to the automobile manu- 
factures as the natural fibers are light weighted and 
ecofriendly . Natural fiber hybrid composite is a 
composite blend that is reinforced with natural fibers 
and synthetic fibers that incorporates the advan- 
tages of both synthetic and natural fibers (Manral, 
Ahmad, and Chaudhary). Natural fibres in natural 
fibre hybrid composites help to improve impact load 
bearing qualities and recycling difficulties. 


Composites reinforced with carbon fiber are 
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pricey and have higher strength to weight ratio 
and are limited to exotic applications such as race 
cars. Compared to carbon fibers, E-glass fibers have 
higher failure strain and comparatively lower in cost. 
Hybridization of carbon fibers with E-glass fibers 
blends the benefit of both the fibers, paving the way 
for growth of economical composites. Jute, sisal, 
hemp, flax is some of the natural fibers used for rein- 
forcement in a composite (Sivakandhan et al.). Gen- 
erally, the density of the natural fibers is lesser (Sair 
et al.). Among the natural fibers Sunn hemp fibers 
possess strength equivalent to that of E-glass and 
possess good impact load bearing characteristics. 


Ashok Raj purohit et al. (2020) have found out 
that the presence of E-glass fibers in Carbon +E- 
glass intraplies reduces the evolution of cracks in the 
carbon fibers, when the carbon+E-glass intraplies 
are subjected to load (Rajpurohit et al.). Zhang et.al 
(2012) have found that that improvement in the fail- 
ure strain by hybridizing carbon, E-glass fibers (J. 
Zhang et al.). They have found out that the ten- 
sile properties of intraply carbon/carbon compos- 
ites are higher when compared with interply com- 
posites (Ren and Z. Zhang). Authors have found 
that the load transferring characteristics between the 
fibers in an intraply composite is better than an inter- 
ply composite. (Uzay, Acer, and Geren Pegoretti et 
al.) From the literature survey conducted, it has been 
found that only few research works are done in the 
area composites containing carbon fibres in the weft 
direction and E-glass fibres in the warp direction 
along with natural fibres as reinforcing elements. 


The goal of this research is to analyse the flexu- 
ral, compression, interlaminar shear stress, and low 
velocity impact properties of a natural fibre hybrid 
composite reinforced with plies containing carbon 
fibres in the weft direction and E-glass fibres in the 
warp direction, parallel oriented sunn hemp fibre 
mats, and 40 js SiOz particles for use in automobiles. 


2. Material Selection and Fabrication of 
Composites 


In this study, plies containing carbon fibres present 
in both weft direction and warp direction, plies con- 
taining E-glass fibres present in the weft direction 
and warp direction, plies with carbon fibres present 
in the weft direction and E-glass fibres in the warp 
direction, parallel oriented woven sunn hemp mats, 
and 40 js SiOz particles were employed as reinforc- 
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ing materials. Each filament in the synthetic fibres 
were of 3000 Tex and the matrix was made of epoxy 
and hardener (10:1 weight ratio). The orientation of 
the various mats in the composites is shown in the 
Figure | (a-g). Composite laminates were made by 
hand layup technique and subsequently pressed in a 
press. Composite panels of size 300mm in length 
and 300 mm in width were fabricated which is then 
post-cured for 24 hours at ambient temperature. 

Test coupons based on ASTM standards were pre- 
cisely cut from the composite panel. While prepar- 
ing the specimens from Fibre-Reinforced Polymer 
2 (FRP 2) composites, it was ensured that the fil- 
aments of carbon fibres, E-glass fibres and paral- 
lel oriented sunn hemp mats were aligned along the 
direction of load. While preparing the composites 
from Fibre-Reinforced Polymer 3 (FRP 3) to Fibre- 
Reinforced Polymer 7 (FRP 7) composites, it was 
also ensured that carbon fibres and parallel oriented 
sunn hemp fibres were aligned along the direction of 
load. 


2.1. Arrangement of various plies in the 
Composites 


Seven distinct composites were fabricated and the 
arrangement of various mats in the composite is 
shown in the Figure I(a-g). 

In addition to carbon fibres, E-glass fibres and 
parallel oriented sunn hemp mats, the compos- 
ites Fibre-Reinforced Polymer 4 (FRP 4), Fibre- 
Reinforced Polymer 5 (FRP 5), Fibre-Reinforced 
Polymer 6 (FRP 6), Fibre-Reinforced Polymer 7 
(FRP 7) were further reinforced with 40 jz SiOz par- 
ticles in 1 weight %, 2 weight %, 3 weight %, and 4 
weight % respectively. 

Fibre-Reinforced Polymer | (FRP 1) Parallel ori- 
ented Sunn Hemp mat 

Fibre-Reinforced Polymer 2 (FRP 2) Carbon 
fibre, E-glass fibre and Parallel oriented Sunnhemp 

Fibre-Reinforced Polymer 3 (FRP 3) Plies with 
carbon fibres present in the weft direction and E- 
glass fibres in the warp direction and Parallel ori- 
ented Sunnhemp 

Fibre-Reinforced Polymer 4 (FRP 4) Plies with 
carbon fibres present in the weft direction and E- 
glass fibres in the warp direction and Parallel ori- 
ented Sunnhemp with | weight % 40 ju SiO, 

Fibre-Reinforced Polymer 5 (FRP 5) Plies with 
carbon fibres present in the weft direction and E- 
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glass fibres in the warp direction and Parallel ori- 
ented Sunnhemp with 2% weight 40 ju SiO 

Fibre-Reinforced Polymer 6 (FRP 6) Plies with 
carbon fibres present in the weft direction and E- 
glass fibres in the warp direction and Parallel ori- 
ented Sunnhemp with 3% weight 40 js SiO 

Fibre-Reinforced Polymer 7 (FRP 7) Plies with 
carbon fibres present in the weft direction and E- 
glass fibres in the warp direction and Parallel ori- 
ented Sunnhemp with 4% weight 40 ju SiO 


3. Experimental Details 
3.1. Flexural Test 


The flexural test was done with an UTM (Instron 
make model number 3382). The test was done 
by following ASTM D790 standard. Standard 
test coupons of dimension 127 x 12.7 mm were 
machined for the conduct of flexural test. 


3.2. Compression Test 


The compression test was done with an UTM 
(Instron make model number 3382). The test was 
done by following ASTM D3410 standard. Stan- 
dard test coupons of dimension 250 x 20 mm were 
machined for the conduct of compression test. 


3.3. Interlaminar Shear Strength Test (ILSS) 


The ILSS test was conducted with an UTM (Instron 
make model number 3382). The test was done by 
following ASTM D2344 standard. Standard test 
coupons of dimension 60 x 12.7 mm were machined 
for the conduct of ILSS test. 


3.4. Low Velocity Impact Test (LVI) 


The low velocity impact test was carried on the 
specimens of dimensions 90 x 90 mm as per ASTM 
D5628 standard by using Fractovis Plus drop mass 
setup and is shown in the Figurel(d). A rigid hemi- 
spherical steel impactor of radius 6.35 mm with 
a mass of 1.92 kg was utilized for impacting the 
clamped specimens at a velocity of 3m/s and the low 
velocity impact characteristics were studied. 

According to (Tita, de Carvalho, and Vande- 
pitte) the impact energy on the composite during a 
low velocity impact event is partially absorbed by 
the composite as permanent damage in the compos- 
ite and partially stored as elastic energy in the com- 
posite. The absorbed energy and elastic energy can 
be calculated from the Impact Energy Vs Time out- 
put characteristics of the LVI test. The absorbed 
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energy and elastic energy of the various compos- 
ites were calculated from the output characteristics 
of low velocity impact test. 


3.5. Damage Assessment 
3.5.1. Scanning Electron Microscopic Analysis 


The scanning electron microscopy was used to 
understand the failure mechanisms associated with 
the composites (Srinivasan et al. Wielage et al.). The 
fractured surface of the specimens failed in flexu- 
ral, compression, ILSS tests were examined using 
Hitachi Make, Model Number HTAC 1 S -3400N 
is shown in Figure 3.1. The specimens were gold 
coated with an ion sputtering device in order to 
reduce sample charge and improve image contrast. 


3.5.2. Digital Microscopy 


Macroscopic analysis and damage assessment of the 
low velocity impacted specimens was carried out 
with a digital camera and Olympus make digital 
measuring microscope (STM7) with a 3 X measur- 
ing objective (shown in Figure 3). The image of 
the sample which was mounted on the xy-stage was 
captured using the integrated camera and damage 
assessment was made. 


3.5.3. Image J software 


Digital photographs of the low velocity impacted 
specimens were taken with a digital camera and 
imported to ‘Image J software’, a JAVA based image 
processing tool. After importing the digital photo- 
graph to the software, the dimension represented by 
a pixel in the image is calibrated and the damaged 
area is measured by drawing a line along the affected 
portions perimeter (Vasudevan et al. Dong). 


4. Results and Discussion 
4.1. Flexural properties 


The results of the flexural test of the fabricated com- 
posites FRP 1, FRP 2 and FRP 3 are shown in Figure 
4a&4b. 

From Figure 4, it can be found that, Fibre- 
Reinforced Polymer 3 (FRP 3) displays a flexural 
strength of 306.41 MPa in the flexural test. This 
is higher than Fibre-Reinforced Polymer 2 (FRP 2) 
which possesses flexural strength of 300.71 MPa. 
The flexural strength of Fibre-Reinforced Polymer 
3 (FRP 3) and Fibre-Reinforced Polymer 2 (FRP 
2) differed by 5.7 MPa which is reasonably higher. 
The higher flexural value of Fibre-Reinforced Poly- 
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Figure 1. (a-g) FRP 1- a, FRP 2- b, FRP 3 -c, FRP 4—d, FRP 5—e, FRP 6 -f, 


FRP 7 -g 


FIGURE 1. (a-g) Arrangement of various plies in the composites 
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FIGURE 2. Impact Energy Vs Time 


mer 3 (FRP 3) can be ascribed to the better load 
transfer between superior strength carbon fibres and 
relatively ductile E-glass fibres present in the same 
stack. Presence of E-glass fibres in plies with car- 


(a) Scanning Electron Microscope 


(b) Digital Measuring Microscope 


FIGURE 3. (a) Scanning Electron Microscope & 
(b) Digital Measuring Microscope 


bon fibres present in the weft direction and E-glass 
fibres in the warp direction also lessens the concen- 
tration of cracks which could evolve in carbon fibres 
under load. This additionally helps in better load 
bearing characteristics due to the intraply arrange- 
ment of carbon fibres and E-glass fibres present in 
the same ply. In the Fibre-Reinforced Polymer 3 
(FRP 3) composite, synergistically along with the 
carbon, E-glass fibres, parallel oriented sunn hemp 
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(a) (b) 


FIGURE 4. (a) Flexural strength of Fibre- 
Reinforced Polymer 1 (FRP 1), Fibre-Reinforced 
Polymer 2 (FRP 2), Fibre-Reinforced Polymer 3 
(FRP 3) composites(b) Flexural strain of Fibre- 
Reinforced Polymer 1 (FRP 1), Fibre-Reinforced 
Polymer 2 (FRP 2), Fibre-Reinforced Polymer 3 
(FRP 3) composites 


fibres have approximately shared 39.7 % of the flex- 
ural load. From Figure 4 (b) it can be inferred that 
the flexural strain of Fibre-Reinforced Polymer 3 
(FRP 3) is 0.0274 % and Fibre-Reinforced Polymer 
2 (FRP 2) is 0.0272 %. Both the composites con- 
sidered in the study doesn’t exhibit much flexural 
strain. The lower failure strain of the composites 
can be ascribed to the failure of the thermoset matrix 
utilized in the composites. 


4.2. Compressive Properties 


The compressive test results of the various compos- 
ites considered in the study is shown in Figure 5 (a) 


and Figure 5 (b). 
(a) (b) 


=< 


FIGURE 5. (a) Compressive strength of Fibre- 
Reinforced Polymer 1 (FRP 1), Fibre-Reinforced 
Polymer 2 (FRP 2), Fibre-Reinforced Poly- 
mer 3 (FRP 3) composites (b) Compressive 
strain of Fibre-Reinforced Polymer 1 (FRP 1), 
Fibre-ReinforcedPolymer 2 (FRP 2) and Fibre- 
Reinforced Polymer 3 (FRP 3) composites 


From Figure 5, it can be found that, Fibre- 
Reinforced Polymer 3 (FRP 3) displays a compres- 
sive strength of 141.15 MPa in the compressive 
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test. It is reasonably higher than 136.92 Mpa, the 
compressive strength exhibited by Fibre-Reinforced 
Polymer 2 (FRP 2). The compressive strength 
exhibited by Fibre-Reinforced Polymer 3 (FRP 3) 
and Fibre-Reinforced Polymer 2 (FRP 2) differ by 
4.2 MPa, which is reasonably higher. The presence 
of superior strength carbon fibres and relatively duc- 
tile E-glass present in the same stack in the weft and 
warp directions increases the compressive strength 
of Fibre-Reinforced Polymer 3 (FRP 3). This addi- 
tionally results in better load carrying characteris- 
tics. Further in Fibre-Reinforced Polymer 3 (FRP 
3) composites, the presence of larger amount of car- 
bon fibres in the loading direction enhances the load 
bearing capabilities. In the Fibre-Reinforced Poly- 
mer 3 (FRP 3) composites, synergistically along 
with the carbon fibre, E-glass fibres, parallel ori- 
ented sunn hemp fibres have shared approximately 
32 % of the compressive load. From Figure 5 b it 
can be inferred that the compressive strain of Fibre- 
Reinforced Polymer 3 (FRP 3) is 0.669 % and Fibre- 
Reinforced Polymer (FRP 2) is 0.667 %. Both the 
composites considered in the study doesn’t exhibits 
higher compressive strain. The lower failure strain 
of the composites may be ascribed to the failure of 
the matrix utilized in the composites. 


4.3. Interlaminar Shear Strength 


FBs®Sqipa) 


FIGURE 6. Interlaminar Shear strength of 
Fibre-Reinforced Polymer 1 (FRP 1), Fibre- 
Reinforced Polymer 2 (FRP 2), Fibre-Reinforced 
Polymer 3 (FRP 3) composites 


The ILSS test results of the composites Fibre- 
Reinforced Polymer 1 (FRP 1), Fibre-Reinforced 
Polymer 2 (FRP 2), Fibre-Reinforced Polymer 3 
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(FRP 3) considered in the study is shown in Figure 
6. From Figure 6, it can be found that the inter- 
laminar shear strength (short beam test) of Fibre- 
Reinforced Polymer 3 (FRP 3) composite is 18.5 
MPa. It is inferred from the results that ILSS 
of Fibre-Reinforced Polymer 3 (FRP 3) value is 
slightly higher than ILSS of Fibre-Reinforced Poly- 
mer 2 (FRP 2). The difference in interlaminar shear 
strength between Fibre-Reinforced Polymer 3 (FRP 
3) and Fibre-Reinforced Polymer 2 (FRP 2) can be 
attributed to the matrix failure in the composite. 


5. Effect of Addition of 40 : Sioz Particles on the 
Flexural, Compression, Interlaminar Shear 
Stress and Low Velocity Impact Properties. 


Based on the flexural, compression and interlaminar 
shear strength estimated for the Fibre-Reinforced 
Polymer 1(FRP 1), Fibre-Reinforced Polymer 2 
(FRP 2), Fibre-Reinforced Polymer 3 (FRP 3), 
the composites with better properties i.e. Fibre- 
Reinforced Polymer 3 (FRP 3) was further rein- 
forced with varying levels of 40 j1 SiO particles (1 
weight %, 2 weight %,3 weight % and 4 weight %) 
and their flexural, compression, interlaminar shear 
stress and low velocity impact properties were inves- 
tigated. 


5.1. Flexural Properties of Composites reinforced 
with varying levels of 40 : SiO2 particles 


The results of the flexural tests of Fibre-Reinforced 
Polymer 3 (FRP 3), Fibre-Reinforced Polymer 
4 (FRP 4), Fibre-Reinforced Polymer 5 (FRP 
5), Fibre-Reinforced Polymer 6 (FRP 6), Fibre- 
Reinforced Polymer 7 (FRP 7) are shown in the fol- 
lowing Figure 7. 

From Figure 7. it can be proved that the addition 
of 40 js SiO particles up to 3 weight % improves the 
flexural strength. When the incorporation of 40 yw 
SiO, particles increased further, it results in reduced 
flexural strength and it can be attributed to agglom- 
eration of the 40 jz SiO» particles. 

Further, from Figure 7. it can be identified that 
Fibre-Reinforced Polymer 6 (FRP 6) possesses a 
flexural strength of 348.18 MPa which is higher than 
the flexural strength 306.41 MPa exhibited by Fibre- 
Reinforced Polymer 3 (FRP 3). Fibre-Reinforced 
Polymer 6 (FRP 6) differs in the flexural strength 
from Fibre-Reinforced Polymer 3 (FRP 3) by 41.77 
MPa. It is identified that by the addition 40 jz SiOz 
up to 3 weight % increases the flexural strength 
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FIGURE 7. Flexural Strength Vs. Strain 
of Fibre-Reinforced Polymer 3 (FRP 3),Fibre- 
Reinforced Polymer 4 (FRP 4), Fibre-Reinforced 
Polymer 5 (FRP 5),Fibre-Reinforced Polymer 6 
(FRP 6), Fibre-Reinforced Polymer 7 (FRP 7) 
composites 


by 12 %. The enhanced flexural strength may be 
attributed to enhanced bonding between the matrix 
and the reinforced fibre by the addition of 40 yw 
SiO, particles. The increase in strength may be 
attributed to dispersion strengthening of the matrix 
by the addition of 40 jz SiO particles. From the flex- 
ural test conducted on the various composites it can 
be stated that 40 4 SiOz particles plays a vital role 
to improve the flexural strength of the composites 
taken in the study. 

Figure 7. reveals that the flexural strain of 
the composites doesn’t differ much and it can be 
attributed to the failure of the matrix used in the 
composite. It can be stated that, the flexural strain 
is insignificant to the addition of 40 js SiO. parti- 
cle. The lower failure strain of the composites can 
be due to the failure of the thermoset matrix used in 
the composites. 


5.2. Compressive Properties of composites 
reinforced with varying levels of 40 ,1 SiOz 
particles 


The compressive properties of the composites Fibre- 
Reinforced Polymer 3 (FRP 3), Fibre-Reinforced 
Polymer 4 (FRP 4), Fibre-Reinforced Polymer 5 
(FRP 5), Fibre-Reinforced Polymer 6 (FRP 6), 
Fibre-Reinforced Polymer 7 (FRP 7) are shown in 
the Figure 8. 

The interlaminar shear strength of the composites 
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FIGURE 8. Compressive strength of Fibre- 

ReinforcedPolymer 3 (FRP 3), Fibre-Reinforced 

Polymer 4 (FRP 4), Fibre-Reinforced Polymer5 

(FRP 5), Fibre-Reinforced Polymer 6 (FRP 6), 

Fibre-Reinforced Polymer 7 (FRP7) composites 


FRP 3, FRP 4, FRP 5, FRP 6 and FRP 7 were esti- 
mated and the results are shown in the Figure 7. 

From Figure 7. it can be proved that the addition 
of 40 ps SiOz particles up to 3 weight % improves the 
compressive strength. When, the addition of 40 yw 
S10, particles increased further it results in reduced 
compressive strength decreases. It can be attributed 
to agglomeration effect of the 40 j1 SiOz particles. 

Further from Figure 7., it can be identified that, 
Fibre-Reinforced Polymer 6 (FRP 6) possesses a 
compressive strength of 184.76 MPa which is higher 
than Fibre-Reinforced Polymer 3 (FRP 3) which 
exhibits a compressive strength of 141.15 MPa. 
Fibre-Reinforced Polymer 6 (FRP 6) differs from 
Fibre-Reinforced Polymer 3 (FRP 3) in compres- 
sive strength by 43.61 MPa, which is also signifi- 
cant. It is inferred from the results that the compres- 
sive strength increases by 23.6 %, and the improve- 
ment in the compressive strength can be attributed to 
the incorporation of 3 weight % 40 j1 SiOz particles. 
This enhancement in the compressive strength may 
be ascribed to increase in the bonding between the 
epoxy matrix and the reinforced fibres. The increase 
in strength may be attributed to dispersion strength- 
ening of the matrix by the addition of 40 41 SiO 
particles. 

From Figure 7. it is inferred that the compressive 
strain of the composites doesn’t differ much. The 
results reveals that the compressive strain is insignif- 
icant to the incorporation of 40 ju SiOz particles to 
the composites and the lower failure strain of the 
composites could be due the failure of the matrix 
in the composites. 
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5.3. Interlaminar Shear Strength of Composites 
reinforced with varying levels of 40 ,1 SiOz 
particles 


Figure 9. reveals the results of the interlaminar shear 
strength of the composites Fibre-Reinforced Poly- 
mer 3 (FRP 3), Fibre-Reinforced Polymer 4 (FRP 
4), Fibre-Reinforced Polymer 5 (FRP 5), Fibre- 
Reinforced Polymer 6 (FRP 6), Fibre-Reinforced 
Polymer 7 (FRP 7). 


FIGURE 9. ILSS of Fibre-Reinforced Polymer 
3 (FRP 3), Fibre-Reinforced Polymer 4 (FRP 
4), Fibre-Reinforced Polymer 5 (FRP 5), Fibre- 
Reinforced Polymer 6 (FRP 6), Fibre-Reinforced 
Polymer 7 (FRP 7) composites. 


Figure 9., reveals the interlaminar shear strength 
of Fibre-Reinforced Polymer 6 (FRP 6) is 21.22 
MPa. It is found that Fibre-Reinforced Polymer 6 
(FRP 6) value is higher than Fibre-Reinforced Poly- 
mer 3 (FRP 3) which possess interlaminar shear 
strength of 18.53 MPa. 

Interlaminar shear strength of Fibre-Reinforced 
Polymer 6 (FRP 6) differs from interlaminar shear 
strength of Fibre-Reinforced Polymer 3 (FRP 3) 
composite by 2.69 MPa, and it is marginally higher. 
Based on the results, the marginal improvement in 
interlaminar shear strength can be attributed to the 
dispersion strengthening of the epoxy matrix. It is 
also due to better fibre matrix bonding due to the 
addition of 40 j1 SiO, particles. 


5.4. Failure analysis of composites reinforced 
with varying levels of 40 : SiO, particles. 

The results of the failure analysis of the Fibre- 

Reinforced Polymer 6 (FRP 6) composites failed in 

flexural, compression and ILSS tests by scanning 

electron microscopic analysis is shown in the Fig- 

ures 10 (a-c) 
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FIGURE 10. SEM results of Fibre-Reinforced 
Polymer 6 (FRP 6) failed in (a) Flexural (b) Com- 
pression and (c) ILSS tests 


The SEM analysis conducted on the specimen 
Fibre-Reinforced Polymer 6 (FRP 6) composite 
failed in flexural load reveals matrix fracture, fibre 
dislocation and fibre breakage. The SEM images 
of Fibre-Reinforced Polymer 6 (FRP 6) compos- 
ite failed in compression test reveals broken natu- 
ral fibre strands and pieces of crushed resin. The 
SEM images of Fibre-Reinforced Polymer 6 (FRP 
6) composite failed in ILSS test reveals the various 
types of failures like fibre -matrix failure, fibre—tear 
failure and failure of the fibres. 
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6. Statistical Analysis of the Flexural, 
Compressive and Interlaminar Shear strength 
of the 40 »: SiO, reinforced composites 


The analysis of the flexural, compressive and inter- 
laminar shear strength properties of the 40 jz SiO, 

reinforced composites was carried out with analysis 
of variance (ANOVA) technique. Higher value of 
F and lower value of P are necessary for an effect 
to be statistically significant. The one-way analy- 
sis carried out for the properties of the various 40 yu 
SiO, reinforced composites is shown in Figures 11, 
12 and 13. 


Flexural 
Strength ( MPa) 


FIGURE 11. One-way Analysis of Flexural 
Strength (MPa) by FRP 


Compressive 
Strength ( MPa) 


FIGURE 12. One-way Analysis of Compressive 
Strength (MPa) by FRP 


Lower P values are observed for the flexu- 
ral strength, compressive strength and interlaminar 
shear strength in the One-way ANOVA conducted. 
This statistically confirms the addition of 40 ju SiO2 
particle has profound influence on the above proper- 
ties. 
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TABLE 1. Analysis of Variance for One-way Analysis of Flexural Strength (MPa) by FRP 


Source DF SumofSquares MeanSquare F Ratio Prob>F 
FRP 6 103828.41 17304.7 387.2919 <.0001 
Error 14 625.54 44.7 

C. Total 20 104453.95 


TABLE 2. Analysis of Variance for One-way Analysis of CompressiveStrength (MPa) by FRP 


Source DF SumofSquares MeanSquare F Ratio Prob>F 
FRP 6 36950.458 6158.41 156.0207 <.0001 
Error 14. 552.605 39.47 

C. Total 20 37503.063 


TABLE 3. Analysis of Variance for One-way Analysis of Short Beam Strength (MPa) by FRP 


Source DF Sum of Squares 
FRP 6 639.38010 

Error 14 42.84640 

C. Total 20 682.22650 


Short Beam 


FIGURE 13. One-way Analysis of Short Beam 
Strength (MPa) by FRP 


7. Low Velocity Impact Test 


The various observations made during the low 
velocity impact test for the Fibre-Reinforced Poly- 
mer 3 (FRP 3), Fibre-Reinforced Polymer 4 (FRP 
4), Fibre-Reinforced Polymer 5 (FRP 5), Fibre- 
Reinforced Polymer 6 (FRP 6) is shown in the Fig- 
ure 15 (a-e) and Tabular column 1,2,3 and 4. As the 
flexural, compression and ILSS properties of Fibre- 
Reinforced Polymer 7 (FRP 7) was inferior, low 
velocity impact test of Fibre-Reinforced Polymer 7 
(FRP 7) was not carried out. 

From Figure 14 (b) it can be identified that there 
is an increase in the peak force of Fibre-Reinforced 
Polymer 4 (FRP 4), Fibre-Reinforced Polymer 5 
(FRP 5), Fibre-Reinforced Polymer 6 (FRP 6) com- 
posites which can be attributed to the incorporation 
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Mean Square F Ratio Prob >F 
106.563 
3.060 


34.8194 <.0001 


0.75 150 2.25 3.00 


Deformation (mm) 
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Time (ms) 
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FIGURE 14. Various parameters measured dur- 
ing the LVI test of 40 SiO. reinforced intra- 
interply composites (a) Force Vs Time (b) Force 
Vs Deformation (c) Energy Vs Deformation (d) 
Energy Vs Time (e) Velocity Vs Time 


of 40 pz SiOz particles, generally the incorporation of 
AO js SiOz particles impedes crack growth and also 
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TABLE 4. Peak Force versus Time 


Maximum Force N 


Fibre-Reinforced Polymer 3 (FRP 3) 3476.45 
Fibre-Reinforced Polymer 4 (FRP 4) 4110.98 
Fibre-Reinforced Polymer 5 (FRP5) 4113.43 
Fibre-Reinforced Polymer 6 (FRP 6) 4583.81 


Time (s) % of improvement in 
maximum force due to 
the addition of nano sil- 
ica particles 

1,13 

1.41 18.25 

1.56 18.32 

0.91 31.85 


TABLE 5. Maximum Deformation versus Force 


Maximum Deformation (mm) _ Force (N) 
Fibre-Reinforced Polymer 3 (FRP 3) 3.80 2660.62 
Fibre-Reinforced Polymer 4 (FRP 4) 522 3995.83 
Fibre-Reinforced Polymer 5 (FRP 5) 3.18 4054.63 
Fibre-Reinforced Polymer 6 (FRP 6) 3.21 3198.38 
TABLE 6. Maximum Deformation versus Time 

Maximum Deformation(mm) Time (s) 
Fibre-Reinforced Polymer 3 (FRP 3) 3.80 2.31 
Fibre-Reinforced Polymer 4 (FRP 4) 3.22 1.83 
Fibre-Reinforced Polymer 5 (FRP 5) 3.18 1.81 
Fibre-Reinforced Polymer 6 (FRP 6) 3.21 1.92 

TABLE 7. Absorbed Energy and Elastic Energy 
Total Energy (J) Absorbed Energy (J) Elastic Energy (J) 

Fibre-Reinforced Polymer 3 8.625997 5.661351 2.95986 
(FRP 3) 
Fibre-Reinforced Polymer 4 8.6149 4.76184 3.85306 
(FRP 4) 
Fibre-Reinforced Polymer 5 8.614187 4.616976 3.997211 
(FRP 5) 
Fibre-Reinforced Polymer 6 8.614766 5.313688 3.301078 
(FRP 6) 


increases the bonding between the epoxy matrix and 
the reinforced elements. By the incorporation of 40 
jt SiOz particles, the load bearing ability of Fibre- 
Reinforced Polymer 4 (FRP 4), Fibre-Reinforced 
Polymer 5 (FRP 5), Fibre-Reinforced Polymer 6 
(FRP 6) increases by 18.25 %, 18.32 % and 31.85 
% respectively. 

Further from Figure 14 (a) and Figure 14 (b), it 
can be observed that even though peak load is higher 
for Fibre-Reinforced Polymer 6 (FRP 6), a sudden 
drop in load is observed after reaching the peak load. 
This can be attributed to the brittle mode of failure 
of the Fibre-Reinforced Polymer 6 (FRP 6) compos- 


ite. Sudden drop in load is not observed in Fibre- 
Reinforced Polymer 4 (FRP 4) and Fibre-Reinforced 
Polymer 5 (FRP 5) due to the ductile response of the 
composite. 

By observing Figure 14 (b) Force versus Defor- 
mation and Table 5, it can be identified that the 
incorporation of nano particles in the composites 
leads to the reduction in the deformation of the com- 
posite from 3.80 mm to 3.21 mm. This can be 
attributed to the stiffening of the composite lami- 
nates due to the addition of 40 j1 SiOz particles. 

By comparing the Figure 14 (a) Force versus 
Time, Figure 14 (b) Force Vs Deformation and 
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Table 5 Maximum Deformation Vs Force, it can be 
stated the force observed for Fibre-Reinforced Poly- 
mer 6 (FRP 6) during the maximum deformation 
is relatively lower when compared with the peak 
force of Fibre-Reinforced Polymer 6 (FRP 6) by 
a value of about 30.46 %, this clearly indicates, 
Fibre-Reinforced Polymer 6 (FRP 6) has suffered 
catastrophic failure. Whereas for Fibre-Reinforced 
Polymer 4 (FRP 4) and Fibre-Reinforced Polymer 
5 (FRP 5) the drop in force at maximum deforma- 
tion is about 2.80 % and 1.42 % respectively, this 
indicates Fibre-Reinforced Polymer 4 (FRP 4) and 
Fibre-Reinforced Polymer 5 (FRP 5) are stable in 
handling impact load unlike Fibre-Reinforced Poly- 
mer 6 (FRP 6). 


Table 5 reveals that the drop in force by Fibre- 
Reinforced Polymer 3 (FRP 3) at maximum defor- 
mation is 23.46 % when compared with peak force 
exhibited by Fibre-Reinforced Polymer 3 (FRP 3), 
and this indicates Fibre-Reinforced Polymer 3 (FRP 
3) is not that much stable in handling impact load. 
The absorbed energy and elastic energy were cal- 
culated from Figure 15 (d) Energy versus Time, as 
suggested by Volnei Tita et al. (2008) and is shown 
in Table 7. In general, the energy dissipation dur- 
ing a low velocity impact takes place in the follow- 
ing manner (i) Absorbed energy (ii) Elastic energy. 
It can be assessed that those materials with higher 
absorbed energy may be regarded as failed materi- 
als as they will not support the impact load due to 
the damage in the component. Materials which have 
got higher elastic energy may be regarded as useful 
material for impact loading due to the fact that there 
may be less damage. In this case Fibre-Reinforced 
Polymer 4 (FRP 4) and Fibre-Reinforced Polymer 5 
(FRP 5) are better composites for handling impact 
load as they exhibit higher elastic energy. 


7.1. Damage Assessment by Macroscopic 
Analysis by using Image J Software 


The damaged assessment LVI impacted specimens 
of FRP 3, FRP4, FRP 5 and FRP 6 was carried out 
by Image J software, the damaged areas in the com- 
posites are shown in the Figures 15 (a-d) and the 
damage area measured through Image J software for 
the frontal and rear sides of the various composites 
is shown in the Table 8. 


From the Table 8 it can be stated that the dam- 
age in Fibre-Reinforced Polymer 3 (FRP 3), on the 
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Fibre-Reinforced Polymer 3 (FRP 3) 
FRONT BACK 


Fibre-Reinforced Polymer 4 (FRP 4) 


FRONT BACK 


FRONT BACK 


Fibre-Reinforced Polymer 6 (FRP 6) 


FRONT BACK 


FIGURE 15. (a-h) The front and rear damaged 
surfaces of the low velocity impacted specimens 


frontal side is 136.20 mm ? and the damage area 
on the rear side is 26169.22 mm 7. The damage in 
Fibre-Reinforced Polymer 3 (FRP 3) on frontal and 
rear side is higher when compared with any other 
composite considered in the study. The higher dam- 
age in the Fibre-Reinforced Polymer 3 (FRP 3) can 
be attributed to the drastic drop in force between 
peak force and the force exhibited by the composite 
during maximum deformation. Drastic difference 
is an index of inability of the composite to handle 
impact load and the damage is spread over a large 
area. 

From the Table 8 it can be ascertained that the 
damaged area in the Fibre-Reinforced Polymer 4 
(FRP 4) and Fibre-Reinforced Polymer 5 (FRP 5) 
is comparatively lower when compared with the 
damage experienced by Fibre-Reinforced Polymer 
3 (FRP 3), besides this Fibre-Reinforced Polymer 4 
(FRP 4) and Fibre-Reinforced Polymer 5 (FRP 5) 
are stable in handling impact load as drastic drop 
in force is not observed between peak force and 
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TABLE 8. Damaged area in the various composites measured by Image J Software 


Damage area on the front side Damage area on the rear 


2 


mm 
Fibre-Reinforced Polymer 3 (FRP 3) 136.20 
Fibre-Reinforced Polymer 4 (FRP 4) 79.73 
Fibre-Reinforced Polymer 5 (FRP 5) 131.92 
Fibre-Reinforced Polymer 6 (FRP 6) 82.06 


force experienced by the composite during maxi- 
mum deformation. 

Although the damage in Fibre-Reinforced Poly- 
mer 6 (FRP 6) is lower when compared with Fibre- 
Reinforced Polymer 3 (FRP 3), Fibre-Reinforced 
Polymer 6 (FRP 6) will not be a better candi- 
date to bear impact load as drastic drop in force 
between peak force and the force exhibited by Fibre- 
Reinforced Polymer 6 (FRP 6) during maximum 
deformation. 


7.2. Damage Assessment by Macroscopic 
Analysis by using Digital Microscope 


The damage assessed by digital microscope for the 
various impacted specimens is shown Figure 16 (a- 
d) 

The analysis of the macroscopic images by using 
digital microscope for Fibre-Reinforced Polymer 3 
(FRP 3) shows the presence of defects like fibre 
breakage, matrix damage and delamination on the 
frontal side and distributed damage on the rear 
side. Whereas matrix crack, matrix failure and fibre 
delamination, fibre breakage and transverse crack 
are observed for Fibre-Reinforced Polymer 4 (FRP 
4) composite. Failures such as fibre delamination, 
fibre breakage and matrix damage are observed in 
Fibre-Reinforced Polymer 5 (FRP 5) composites, 
the microscopic images confirm larger scale of dam- 
ages in Fibre-Reinforced Polymer 5 (FRP 5) when 
compared with Fibre-Reinforced Polymer 4 (FRP 
4). Failures such as larger cracks, fibre breakage and 
fibre delamination are observed in Fibre-Reinforced 
Polymer 6 (FRP 6) specimen. 


8. Conclusion 


In this work the flexural, compressive, ILSS and 
low velocity impact properties were studied for the 
various composites considered in the study. The 
most noticeable findings of the work are summa- 
rized. The incorporation of 40 yz SiO2 particles 
up to 3 weight % improves flexural strength and 


side mm 2 


26169.22 
27.11 
152.68 
174.16 


Fibre-Reinforced Polymer 3 (FRP 3) 


Sample 3 front Sample 3 back 


Fibre-Reinforced Polymer 4 (FRP 4) 


Sample 4 front Sample 4 back 


Fibre-Reinforced Polymer 5 (FRP 5) 
Sample 5 front Sample 5 back 


Fibre-Reinforced Polymer 6 (FRP 6) 


Sample 6 front 


Sample 6 back 


FIGURE 16. (a-d) The damage assessed by dig- 
ital microscope for the various impacted speci- 
mens 


compressive strength by 12 % and 23.6 %. When 
the incorporation exceeds 3 weight %, the flexural 
and compressive properties are found to decrease 
due to the agglomeration of 40 j1 SiO2 particles. 
The interlaminar shear strength is insignificant to the 
incorporation of 40 44 SiO2. The incorporation of 
40 js SiO, particles enhances the composites rein- 
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forced with carbon, E-glass and parallel oriented 
sunn hemp fibre. For the composites reinforced 
with 1 weight% and 2 weight % 40 wu SiOz parti- 
cles lesser variation observed is observed between 
the peak force and force at maximum deformation 
exhibited by the composites under impact load and 
they also exhibit higher elastic energy. This con- 
firms the composites reinforced with 1 weight % 
and 2 weight % 40 js SiO2 particles will be better 
candidates for bearing the impact load. The dam- 
age assessment done through Image J software and 
digital microscopy further confirms lesser level of 
damage in the composites reinforced with 1 weight 
% and 2 weight % 40 ju SiOz particles. The aesthetic 
look is considered as the primary requirement for the 
console and the interior in the passenger cars hence 
the synthetic fibres are predominantly employed for 
this purpose. The outcome of this research work 
provides an alternative to the composite material 
made from synthetic fibres without compromising 
its functional requirements and aesthetic looks with 
eco friendliness. 
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